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ABSTRACT
In this paper, we present the analysis of new radio and optical observations of the
narrow-line Seyfert 1 galaxy Mrk 783. 1.6 GHz observations performed with the e-
MERLIN interferometer confirm the presence of the diffuse emission previously ob-
served. The Very Long Baseline Array (VLBA) also detects the nuclear source both
at 1.6 GHz (L-Band) and 5 GHz (C-band). While the L-band image shows only an un-
resolved core, the C-band image shows the presence of a partially resolved structure,
at a position angle of 60°. The brightness temperature of the emission in both bands
(> 106 K) suggests that it is a pc-scale jet produced by the AGN. The relatively steep
VLBA spectral index (αVLBA = 0.63±0.03) is consistent with the presence of optically
thin emission on milliarcsecond scales. Finally, we investigated two possible scenarios
that can result in the misalignment between the kpc and pc-scale radio structure de-
tected in the galaxy. We also analysed the optical morphology of the galaxy, which
suggests that Mrk 783 underwent a merging in relatively recent times.
Key words: galaxies: individual: Mrk 783 – galaxies: Seyfert – radio continuum:
galaxies
1 INTRODUCTION
Narrow-line Seyfert 1 galaxies (NLS1s) are a peculiar
class of active galactic nuclei (AGN), characterised by
narrow permitted emission lines (full-width at half maxi-
mum of Hβ < 2000 km s−1), weak Oxygen forbidden lines
([O iii]λ5007/Hβ < 3) (Osterbrock & Pogge 1985) and usu-
ally strong Fe II lines (Goodrich 1989). They are believed
to be powered by supermassive black holes (SMBHs) with
masses around 105 – 108 M⊙ , typically smaller than what
⋆ E-mail: econgiu@das.uchile.cl
is found in normal Seyfert galaxies (107 – 109 M⊙) and
blazars (108 – 1010 M⊙) (Grupe 2000; Ja¨rvela¨ et al. 2015;
Cracco et al. 2016; Chen et al. 2018), and they show high
Eddington ratios (Boroson & Green 1992; Sulentic et al.
2000). For these reasons they are often considered to be
newly born AGN (Mathur 2000; Berton et al. 2017).
In this paper, we report new enhanced Multi Element
Remotely Linked Interferometer Network (e-MERLIN) and
Very Long Baseline Array (VLBA) observations of the NLS1
Mrk 783. The galaxy was observed in a Karl G. Jansky Very
Large Array (VLA) radio survey of NLS1 galaxies described
in Berton et al. (2018). During the preliminary phases of the
© 2020 The Authors
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data analysis Congiu et al. (2017b) (from now on C17) re-
ported the discovery of a kiloparsec-scale radio (KSR) struc-
ture with very steep in-band spectral indexes (αVLA = 2.02
at 5 GHz). The KSR structure was tentatively classified as
relic emission. Mrk 783 is one of the few NLS1s with a KSR
structure and the first one where this emission has been
tentatively classified as a relic. Relics are what remains of
past activity episodes of an AGN which was able to produce
jets. When the AGN (and/or the jet) turns off, the plasma
becomes a reservoir of energy and it can continue emitting
at radio wavelength for a relatively long time after the end
of the activity phase. In some cases, relics from multiple
activity periods can be observed at the same time in a sin-
gle galaxy (an excellent case for this is Mrk 6, Kharb et al.
2006). It is now mostly accepted that the AGN phase is
only a short period of time in the life of a galaxy, and that it
can repeat itself over time in what is known as the duty
cycle (Sanders 1984; Haehnelt & Rees 1993; Czerny et al.
2009; Sebastian et al. 2020). In this scenario, relics are a
fundamental tool in studying the life of AGN and their
host galaxies because they give us a view of what has hap-
pened in the past and they allow us to investigate how the
duty cycle works, its timescales and its impact on the host
galaxy (Parma et al. 1999; Kharb et al. 2016; Turner 2018;
Brienza et al. 2018; Sebastian et al. 2019). This could be
particularly important for NLS1s. Relics could help us un-
veil how these objects, often considered young AGN, are
born and how they evolve.
The paper is structured as follows. In Sec. 2, we shortly
describe the main properties of Mrk 783. Sec. 3 describes
the reduction of the new radio observations while Sec. 4
contains the main results of the data analysis, which are
then discussed in Sec. 5. Finally, in Sec. 6 we provide a
summary of the work. In this paper we adopt a standard
ΛCDM cosmology, with H0 = 70 km s
−1 Mpc−1 and ΩΛ = 0.73
(Komatsu et al. 2011) and spectral indexes α are defined as
Sν ∝ ν
−α, where Sν is the flux density of the object at the
frequency ν.
2 MRK 783
Mrk 783 (R.A. = 13h 02m 58.8s Dec=+16d 24m 27s, z
= 0.0672; Hewitt & Burbidge 1991) was first classified as
a NLS1 by Osterbrock & Pogge (1985). The mass of the
central SMBH is 4 × 107 M⊙ and the Eddington ratio is
log ǫ = −0.96 (Berton et al. 2015), well within the typical
black hole mass and Eddington ratio ranges for NLS1s.
It is one of the targets of a VLA survey of NLS1s car-
ried out by Berton et al. (2018) at 5 GHz. In the literature,
the object has been classified as radio-loud1 (Berton et al.
2015). An alternative classification, as radio-quiet, was in-
stead reported by Doi et al. (2013). This can be explained
by the fact that Mrk 783 lies close to the threshold com-
monly used to distinguish between these two classes. The
calculation of the R parameter can be strongly influenced
1 The radio loudness of an AGN is estimated via the R parameter,
defined as the ratio between the radio 5 GHz flux and the optical
B-band flux (Kellermann et al. 1989). For R > 10 a source is
considered radio-loud, otherwise it is considered radio-quiet.
by the variability of the source, and by errors in measuring
and defining the needed quantities (Ho & Peng 2001).
A KSR structure with a projected extension of the or-
der of 10 kpc was found in the preliminary analysis of the
survey data by C17. In the full resolution image, the emis-
sion appears as a diffuse structure located on the south-
east side of the AGN nucleus, while in the tapered image
it seems to be elongated also toward the opposite side (Fig.
1, C17). Richards & Lister (2015) suggested that such ex-
tended emissions are not uncommon in radio-loud NLS1, but
they seem to be less common in radio-quiet and moderately
radio-loud ones. Only 28% of the sample in Berton et al.
(2018) is classified as extended, and only a handful of these
objects show extended emission which is comparable, in size
and flux, to that found in Mrk 783. The KSR in this galaxy
is also characterised by a steep in-band spectral index (∼ 2,
in the C-band). The authors excluded the alternative of star
formation, as a primary source of the radio emission (Fig. 1,
C17), and tentatively classified the diffuse radio emission in
this object as a relic due to the intermittent activity of the
relativistic jet.
A preliminary optical follow-up of the object
(Congiu et al. 2017a) revealed the presence of an ex-
tended narrow-line region (ENLR) possibly aligned with
the radio emission and with a maximum extension of
∼ 30 kpc, one of the most extended ENLR discovered so far
in the nearby Universe. To our knowledge, this makes Mrk
783 the first NLS1 hosting both a KSR structure and an
ENLR.
3 OBSERVATIONS AND DATA REDUCTION
We summarise here the main details of the new e-MERLIN,
VLBA and optical observations of Mrk 783, together with
the data reduction procedures adopted.
3.1 e-MERLIN
We acquired new L band data with the e-MERLIN tele-
scopes, to investigate the morphology of the extended radio
emission on scales of ∼ 0.2 arcsec (program ID: CY6205, P.I.:
Congiu).
The source was observed in two separate runs, January
6th, 2018, and January 16th, 2018, for a total on-source time
of 13.2 hr. These observations have a central frequency of
1.51 GHz, and a bandwidth of 512 MHz divided in 8 spectral
windows and 512 channels per spectral window, which is the
standard setup for e-MERLIN L-band observations. During
the data reduction, the channels have been averaged to 128
per spectral window. A phase calibrator, a flux calibrator
and a band-pass calibrator have been observed together with
the main target during each observing run.
The e-MERLIN staff performed the calibration and
preliminary imaging. The e-MERLIN CASA pipeline v0.9
was used for the calibration of the data, while the self-
calibration and the final imaging was performed with
WSClean (Offringa et al. 2014; Offringa & Smirnov 2017).
Since we expected the presence of extended structure in
Mrk 783 and that the target was relatively faint, the self-
calibration was not performed on the target itself but on
MNRAS 000, 1–10 (2020)
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another source in the field of view (FOV) of the telescope,
and the final solutions applied to Mrk 783.
A Briggs weighting with a ROBUST parameter of 0.5
and a Gaussian taper with a full width at half maximum
(FWHM) of 0.2 arcsec have been used to extract a high-
resolution image, while a Briggs weighting with a ROBUST
parameter 2.0 and a 0.5 arcsec Gaussian taper were used to
extract an image with a spatial resolution similar to that
of the VLA image described in C17. Each image has also
been cleaned using the -joinchannel option in WSClean,
which allows one to obtain simultaneously the total image
and the images in each of the four bands observed by the
instruments. We used these images to estimate the in-band
spectral index of the radio emission (Sec. 4).
3.2 VLBA
We observed Mrk 783 with the VLBA at L and C bands,
to investigate the properties of the radio emission at high
spatial resolution (Program ID: BC247, P.I.: Congiu).
The observations were performed on May 4th, 2018 (C
band) and May 21st, 2018 (L band) for a total on-source time
per band of 36 min. The central frequencies for these observa-
tions are 1.57 GHz and 4.98 GHz for the L-band and C-band
respectively, the bandwidth is 128 MHz and it is divided in
4 channels. The target was observed in phase-referencing
mode with a 3:2 target/phase calibrator cycle. 3C 345 (R.A.
= 16h 42m 58.8s Dec=+39d 48m 37.0s) was observed as a
fringe finder for the experiment, while the VLBA calibrators
J1300+141A (R.A. = 13h 00m 20.9s Dec=+14d 17m 18.5s)
and J1300+141B (R.A. = 13h 00m 41.0s Dec=+14d 17m
29.41s) were observed, respectively, as a phase-reference and
a phase-check calibrator.
The data reduction was performed with the AIPS stan-
dard VLBA pipeline (VLBARUN). Since the target was
faint in both the observed bands, we did not perform any
self-calibration. The final cleaning and imaging were per-
formed with CASA, using a natural weighting scheme for
both frequencies which yielded a beam size of 14 × 6.7 mas2
and 3.9 × 1.6 mas2 for the L-band and C-band respectively.
3.3 Optical Images
We acquired V band images of the galaxy with the du Pont
telescope of the Las Campanas Observatory on April 7th,
2019. The data were reduced using standard IRAF proce-
dures. The raw images have been corrected for overscan
and flat-field. They have been astrometrized using Astrome-
try.net2 (Lang et al. 2010). No flux calibration was applied.
The final image is the combination of 3 frames, for a total
exposure time of 900 s on-source, and an average seeing of
0.86 arcsec.
4 RESULTS
In this section we describe the main results and measure-
ments obtained by analysing our new radio observations of
Mrk 783.
2 http://astrometry.net/
4.1 Morphology
Fig. 1 and Fig. 2 show the new e-MERLIN and VLBA im-
ages of Mrk 783, respectively. The source is detected with
both instruments and in all the observed bands. The full
resolution e-MERLIN image (Fig. 1, panel a) clearly shows
the presence of a core, while, due to the absence of short
baselines, the majority of the extended emission observed
in C17 is resolved out. The minimum baseline of the ar-
ray is 11 km, which means that all the structures larger than
∼ 5 arcsec (∼ 6.5 kpc at z = 0.0672) are resolved out by the in-
strument. Therefore, only traces of the diffuse emission can
be observed, but their distribution seems to follow what we
observed in the VLA image. The morphology of the radio
emission observed in the e-MERLIN tapered image (Fig. 1,
panel b) is, indeed, remarkably similar to the top right panel
of Fig. 1 in C17, with a relatively bright core and a diffuse
emission extending towards the south-east side of the nu-
cleus.
The VLBA L-band image shows an unresolved core,
similar to what was previously observed by Doi et al. (2013).
On the other hand, the C-band image shows a partially re-
solved structure located at position angle (PA) of 60°. This
structure has not been previously observed, and its direc-
tion is ∼ 70° north with respect to the axis of the large scale
structure observed in the e-MERLIN images and the VLA
images from C17.
4.2 Flux Densities
The total flux density has been measured, in all images,
summing the flux density of the pixels inside the 3σ con-
tour, where σ is the rms of the image measured in a region
far away from the source. The error on the total flux density
has been estimated as the rms times the square root of the
area covered by the 3σ contour expressed in units of beams
(see, e.g., Sec. 3 in Panessa et al. 2015). The core properties
are recovered using the CASA imfit routine, which pro-
duces both measurements and errors. Tab. 1 summarises the
properties of the images and the measured quantities. We
used a single component to fit the core in all images except
for the VLBA C-band image (Fig. 2 panel b), where we mod-
elled the emission with 2 Gaussian components. We limited
the fit only to the region corresponding to the 3σ contour,
and we manually estimated the first guess parameters re-
quired by the task to fit each component (peak intensity,
position, size and PA). To test the significance of the fit,
we also tried to reproduce the same emission using a single
Gaussian component. The results of the multi-Gaussian fit
and of the single Gaussian fit of the C-band image are shown
in Tab. 2 and in Fig. 4. A single Gaussian is still able to re-
produce the emission, but the errors on the position and the
flux density are significantly larger with respect to the two
Gaussians fit. Also, the rms of the residual image when us-
ing a single component is higher (17 µJy/beam) with respect
to that of the two Gaussians fit (6 µJy/beam). Finally, it is
possible to see in Fig. 4 how the single Gaussian fit repro-
duced the observations poorly compared to the 2 Gaussians
fit. In particular, after the subtraction of the fitted model
from the data, a 3σ residual is left at the position of the
resolved component, while the core is evidently over sub-
MNRAS 000, 1–10 (2020)
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Figure 1. e-MERLIN L band images of Mrk 783. Panel a shows the high resolution image (Briggs weighting, robust parameter 0.5,
Gaussian taper with a FWHM of 0.2 arcsec), while panel b shows the low resolution image (Briggs weighting, robust parameter 2.0,
Gaussian taper with FWHM 0.5 arcsec). In both images the contours are at [-3, 3, 6, 12, 24, 48, 92] ×σ, where σ is the rms of the image
measured in regions where no significant emission is visible. σ’s value is 0.025 mJy beam−1 and 0.061 mJy beam−1 for the full resolution and
tapered image respectively. Dashed contours represent negative values. Finally the beam size is 0.24 × 0.17 arcsec2 for the image on the
left and 1.53 × 1.02 arcsec2 for the image on the right. In both images the beam is shown on the bottom left corner.
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Figure 2. VLBA L-band (panel a) and C-band (panel b) images of Mrk 783. The images are on the same scale. The inset in the
upper-right corner of the right panel shows a zoom on the C-band emission. The contours of both images are at [-2, 3, 6, 9, 12] ×σ where
sigma is defined as in Fig. 1 and it is 0.047 mJy beam−1 and 0.022 mJy beam−1 for the L- and C-band images respectively. Dashed contours
represent negative values. The beam size is 14 × 6.7 mas2 for the image on the left and 3.9 × 1.6 mas2 for the image on the right. In both
images the beam is shown on the bottom left corner.
tracted, as shown by the negative contours in the lower left
panel of Fig. 4.
Even though the 2 Gaussians fit better describes the
data, the elongation of the source, here interpreted as a pc-
scale jet, is extremely faint and only barely resolved, there-
fore in the following we discuss the possibility that we are
dealing with an image artifact. We tried to recover several
images using different weighting schemes, to see if it was
possible to detect the second component also with weight-
ing schemes different from the natural one. In Fig. 3 we show
some of these images. The first panel on the left shows the
same image as in the panel b of Fig. 2, which is our refer-
ence image, and it was recovered with a natural weighting
scheme. The image on the centre panel uses instead a Briggs
weighting scheme with robust = 1. This combination returns
an image which is very similar to the natural one, and the
second component is clearly detected. This is expected be-
cause with such a robust parameter this weighting scheme is
MNRAS 000, 1–10 (2020)
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Figure 3. C-band images of Mrk 783 recovered from the VLBA data using different weighting schemes. The image on the left is the
same image shown in the left panel of Fig. 2. The image on the centre is obtained using a briggs weighting scheme with robust = 1 ,
the image on the right uses robust = 0. The contours levels are the same as in the left panel of Fig. 2, but for the left and centre panels
σ = 2.2e − 5 mJy beam−1, while for the right panel σ = 3.0e − 5 mJy beam−1. These values of σ were measured in regions of the images free
from emission.
close to a natural weighting scheme. The right panel shows
the image recovered using a Briggs weighting scheme with
robust = 0. This image is much more noisy, and the object
is not as resolved as in the other two images. However, the
central component is not perfectly symmetric and a hint of
extension can be identified at the position angle where we
expect to see the second component. Such a behaviour is
expected because with robust = 0, this weighting scheme is
more focused in producing images with a small beam size,
but at the expense of a decreased sensitivity, as proven by
the increased rms of the image.
Considering the new images obtained with different
weighting, the multi-Gaussian fit presented at the beginning
of this section and in Fig. 4, and the measured properties
discussed in the following paragraphs, we are confident that
this feature is not an artefact due to the data reduction, but
it is, indeed, a real structure. Therefore, the radio emission
of Mrk 783 at VLBA scales is composed of a core and a sec-
ond component, seemingly a pc-scale jet. New observations,
with higher sensitivity are, however, required to better char-
acterise the emission and definitively confirm the nature of
the second component.
4.3 Spectral indexes and brightness temperatures
Since we detected Mrk 783 both in the C-band and L-band,
we can estimate the spectral index of the core emission. Un-
fortunately, the observations were not simultaneous, and this
can introduce biases when measuring the spectral index. The
steep core spectral index measured by C17 already excluded
the possibility of Mrk 783 hosting a relativistic jet beamed
toward the Earth. Highly beamed sources are usually char-
acterised by flat or inverted spectral index (Fan et al. 2010),
and by extremely high brightness temperatures (> 1010 K,
Kovalev et al. 2005), which are not observed in Mrk 783 nei-
ther by us (see Sec. 5.1), nor by previous works (see Doi et al.
2013). As a consequence, even if long scale (years) vari-
ability can be expected when observing the nucleus, the
source should be relatively stable on timescales of days or
few weeks. Our observations were only 17 days apart. There-
fore, we can assume that the spectral index measured from
the VLBA data is a reasonable estimate. Considering the
total flux density recovered by the fits in both bands3, we
obtained αVLBA = 0.63 ± 0.09.
The difference in the scales observed by the VLA and
the e-MERLIN array, which results in a consistent loss of
flux in the e-MERLIN image (Sec. 5.1), does not allow us to
measure a spectral index of the KSR taking advantage of the
large difference in frequencies. On the other hand, estimates
of the in-band spectral indexes of the extended emission us-
ing the e-MERLIN data, similar to those from C17, are unre-
liable, both because of the small width of the observed band
(only 512 MHz) and because most of the extended emission is
resolved out. This translates to an inaccurate measurement
of the flux from the tapered, low resolution, images. This sec-
ond issue, however, should not affect the estimation of the
core spectral index, which can then be estimated from the
images of the four observed sub-bands. To do so, we fitted
each one of the four full resolution images with a Gaussian
to measure the core flux density, and we obtained an in-band
spectral index αc = 0.89±0.15. We stress, however, that this
estimate is still affected by the small bandwidth, so it should
interpreted as a trend, more than as an absolute value.
Finally, using the deconvolved sizes and flux densities
recovered by the CASA fitting routine from the VLBA im-
ages, we also measured the brightness temperature of Mrk
783 core in the L-band image and of both the core and the
extended component in the C-band one (Tab. 3). Both com-
ponents in the C-band are not resolved, and we used the
3 For the C-band we considered the fitted flux densities of both
components.
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convolved size of the source to estimate their brightness tem-
perature, which, therefore, is only a lower limit.
5 DISCUSSION
5.1 Radio properties
The new e-MERLIN images confirm the results of C17. The
galaxy appears as a compact core with a diffuse emission on
the south-east side also at the higher resolution. There is no
compact feature significantly detected in the high-resolution
e-MERLIN image (Fig. 1, panel a) in the region corre-
sponding to the VLA extended emission. As a consequence,
the intrinsically diffuse nature of such emission is strongly
favoured. The in-band spectral index of the core obtained
from the e-MERLIN data is steep (αc = 0.89 ± 0.15) and
consistent, within the uncertainties, with that found by C17
(α = 0.67±0.13) and slightly steeper than the spectral index
obtained from the VLBA images (αVLBA = 0.63 ± 0.09). An
estimate of the in-band spectral index for the extended emis-
sion or spectral indexes derived from the new e-MERLIN
data and the VLA data from C17 would not be reliable for
the reasons explained in Sec. 4.3.
We also used our VLBA images in the L-band and in
the C-band, to investigate the properties of the target at
sub-arcseconds scales. Mrk 783 has already been observed in
L-band with the VLBA by Doi et al. (2013) in 2005. They
observed an unresolved component, with a flux density of
1.3 ± 0.2 mJy at a reference frequency of 1.7 GHz.
Our new VLBA L-band image is very similar to Doi’s,
only showing an unresolved component. We can compare
our flux density measurement in this band to the one in
Doi et al. (2013) to see if there has been some changes.
However, the reference frequency of Doi’s observation was
slightly different and to do a direct comparison we have to
first correct for this discrepancy. Our flux density at 1.5 GHz
is 0.764 ± 0.035 mJy and the measured spectral index is α =
0.63 (Sec. 4.3). Considering that Sν1/Sν2 = (ν1/ν2)
−α , the ex-
pected flux density at 1.7 GHz is, therefore, 0.73 ± 0.07 mJy.
This is only ∼ 56% of what measured in Doi et al. (2013).
Radio-loud NLS1s (Gu et al. 2015) and several other classes
of radio-loud AGN (e.g. Hovatta et al. 2008) are known to
be variable sources, especially on small spatial scales such
as those observed by the VLBA. However, strong variability
on timescales of several years has also been observed in the
nuclei of radio-quiet sources (Mundell et al. 2009, and refer-
ences therein). Mrk 783 is a borderline object, at the edge
between radio-quiet and radio-loud ones, hence expecting a
certain degree of variability on long timescales is everything
but farfetched.
Interestingly, this is the first time that this source has
been observed at VLBA resolution in the C-band. The image
shows the presence of a single, partially resolved, component
which is elongated at PA ∼ 60°. The fits in Sec. 4.2, confirm
the presence of a second component close to the radio core.
We proposed that this might be a small-scale jet produced
by the AGN. The beam size of the L-band image is almost
three times larger than that of the C-band image, which is
the reason why the structure is not resolved in our L-band
image. Also, the beam size of the old VLBA image from
Doi et al. (2013) is twice that of our C-band image, which
is still not enough to resolve such a tiny extended structure.
In Sec. 4.3 we measured the spectral index using the
flux density of the source in our VLBA L-band and C-band
images (αVLBA = 0.63 ± 0.09). This represents the first esti-
mate of the spectral index at these scales (or frequencies),
therefore we have no comparison with previous similar mea-
surements. However, this value is consistent with the core
in-band spectral index measured from the VLA image in
C17 (α = 0.67 ± 0.13). Steep radio cores at VLBA scales are
not uncommon in Seyfert galaxies (Orienti & Prieto 2010;
Kharb et al. 2010), and they usually indicate the presence
of optically thin synchrotron emission.
We estimated the brightness temperature of the radio
emission in both VLBA bands using Eq. 1 (Doi et al. 2013):
TB = 1.8 × 10
9(1 + z)
Sν,c
ν2φmajφmin
∼ 7600 K, (1)
where z is the redshift, φmaj is the object major axis, and
φmin is the minor axis. The measurements are reported in
Tab. 3. For the C-band, we used the results of the multi-
Gaussian fit (Tab. 2) to estimate the brightness temperature
of both the core and the extended component separately. As
the two components are not resolved, so we were able to es-
timate only their convolved size which represents an upper
limit to their real dimension. For this reason, the measured
brightness temperature is only a lower limit. In all cases, the
brightness temperature (1.55 × 108 K in the L-band, > 106 K
for both components in the C-band) is consistent with the
values found by Nagar et al. (2005) for other AGN. There-
fore, it is highly probable that the observed structure is a
small-scale jet launched by the AGN. A small scale active
jet in its nucleus, could also contribute to the observed vari-
ability of the source.
5.2 Precession or intermittent activity?
In the previous section, we reported the discovery of a pc-
scale extended radio emission in the VLBA C-band image.
From the physical properties we were able to estimate, we
suggested that this extended emission is a pc-scale jet pro-
duced by the AGN.
There are two interesting properties of this putative pc-
scale jet: it has been observed in a galaxy with an extended
emission that has been previously classified as a relic, and
the small-scale jet and the large scale radio emission are not
aligned. The small scale jet is located at a PA ∼ 70° north
with respect to the axis of the KSR structure.
In the following, we want to discuss two possible scenar-
ios that can result in the production kpc-scale relic(-like)
emission and a misaligned pc-scale jet. The two scenarios
are: i) precession and ii) intermittent activity. The former
scenario is a continuous precession of the jet axis, i.e. the
rotation of the jet axis as a function of time. Such phe-
nomenon produces extended radio structures with peculiar
morphologies, bent or S-shaped, and they are commonly ob-
served in Seyfert galaxies (Kukula et al. 1995; Nagar et al.
1999; Thean et al. 2000; Kharb et al. 2006, 2010). The pres-
ence of a binary SMBH is one of the most probable causes
for jet precession (e.g. Roos 1988), but other phenomena
such as the presence of a warped disk (Pringle 1996, 1997),
the precession of an elliptical disk (Eracleous et al. 1995)
and many others have been suggested in the literature. The
morphology of the extended radio emission in Mrk 783 can
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Table 1. Principal properties of the new images of Mrk 783. The columns are: (1) name of the image, (2) reference frequency, (3) the
bandwidth of the observations, (4) size of the beam, (5) rms of the image measured in an empty area far from the object, (6) maximum
flux density per beam measured in the image, (7) flux density contained in the 3σ contour, (8) flux density of the core as measured by
the CASA viewer fitting algorithm.
Image Frequency Bandwidth Beam Size σ Peak Total Flux Core Flux
GHz MHz mJy/beam mJy/beam mJy mJy
(1) (2) (3) (4) (5) (6) (7) (8)
e-MERLIN high-res 1.51 512 0.24 × 0.17 arcsec2 0.025 5.924 12.3 ± 1.2 7.293 ± 0.053
e-MERLIN low-res 1.51 512 1.53 × 1.02 arcsec2 0.061 7.188 14.9 ± 1.1 7.49 ± 0.24
VLBA L-band 1.57 128 14 × 6.7 mas2 0.047 0.681 0.614 ± 0.086 0.764 ± 0.035
VLBA C-band 4.98 128 3.9 × 1.6 mas2 0.022 0.287 0.278 ± 0.042 -
Table 2. Results of the multi-Gaussian fit of the VLBA C-band image. The columns are: (1) fitted component, (2) right ascension (3)
declination, (4) pixel size, (5) separation between the two components in milliarcseconds and (6) in parsecs, considering a redshift of
0.0672, (7) deconvolved major axis, (8) deconvolved minor axis, (9) peak flux density, (10) integrated flux density.
Component RA Dec Pixel Separation Major Axis Minor Axis Peak Flux Density
pix pix mas mas pc mas mas µJy/beam µJy
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
corea 559.22±0.20 510.29±0.93 0.1 - - - - 171.8±4.8 175±10
extendedb 551.10±0.27 515.02±0.79 0.1 0.9 1.2 - - 158.3±5.8 193±12
corec 555.98±0.42 511.24±1.45 0.1 - - 1.58±0.68 0.85±0.65 269±17 374±39
aThe source is a point source.
bThe source might be resolved only in one direction.
cResult of the fit performed with a single Gaussian.
Table 3. Core brightness temperature measured from the VLBA images. To calculate the brightness temperature, we used the deconvolved
size for the L-band component, and the convolved size for the two components of the C-band image. The columns are: (1) band, (2)
analysed component, (3) reference frequency, (4) flux density recovered from the fit, (5) major axis, (6) minor axis, (7) brightness
temperature.
Band Component Frequency Flux Density Major Axis Minor Axis TB
GHz mJy mas mas K
(1) (2) (3) (4) (5) (6) (7)
L - 1.57 0.764 3.5 ± 1.4 1.2 ± 1.1 1.55 × 108
Ca core 4.98 0.175 4.47 ± 0.22 1.373 ± 0.021 ≥ 2.2 × 106
Ca extended 4.98 0.193 3.80 ± 0.19 1.937 ± 0.053 ≥ 1.9 × 106
aThe source is not resolved, hence the brightness temperature is a lower limit.
resemble an S, especially considering the tapered image in
C17. Therefore, precession is a possibility that cannot be
excluded.
Hjellming & Johnston (1981) developed a precession
model to study jets produced by galactic X-ray binaries,
which has been successfully used to fit AGN jets (e.g.
Kharb et al. 2006, 2010). In Fig. 5 we show the result of
the best model reproducing the radio emission and with jet
inclination and velocity compatible with the constraint pre-
viously obtained. The model predicts a clockwise4 preced-
ing jet, with a jet velocity βm = 0.27, a jet precession axis
inclination θm = 45°, a precession period of 5 × 10
5 yrs, a
precession cone half-opening angle φ = 54° and a PA = 192°.
In the second scenario, the jet is reactivated after a
period of inactivity. In this case, the KSR structure is
the relic of a previous activity period, as suggested in
C17, while the small-scale jet started its activity only re-
cently and at a different position angle. This kind of situa-
tion has been invoked to explain the morphology of differ-
4 The precessing direction is defined for an observer located in
the galaxy nucleus and looking in the direction of movement of
the jet particles
ent kinds of radio sources (e.g. Schoenmakers et al. 2000a;
Kaiser et al. 2000; Kharb et al. 2006; Murgia et al. 2011;
Orru` et al. 2015). While most of the literature agrees that
the interruption of the jet activity is due to the varia-
tion or interruption of the activity of the central AGN,
the physical processes producing this change in the activ-
ity status are still debated. The two most widely accepted
models are the accretion of new gas due to galaxy mergers
(Lara et al. 1999; Schoenmakers et al. 2000a), and chaotic
accretion (Herna´ndez-Garc´ıa et al. 2017). The infall of large
masses of gas into the vicinity of the SMBH could cause at
first an instability of the accretion flow, reducing or stop-
ping the AGN and jet activity (Schoenmakers et al. 2000a).
However, once the gas is redistributed and the flow is regu-
lar, the AGN and the jet start over again. Since there is not
a preferential direction for the infall of new gas, the orien-
tation of the new jet can be different from the original one,
producing structures like the ones in Mrk 6 (Kharb et al.
2006). Another possibility for the interruption of the jet ac-
tivity is an internal instability of the accretion flow, e.g. due
to warping of the accretion disk (Pringle 1996, 1997). This
kind of instability can change the orientation of the jet and,
if it is not strong enough to terminate the jet activity, it can
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Figure 4. Results of the fits of the VLBA C-band image. In each row there are, from left to right: the original image, the fitted model
and the residual from the subtraction of the model from the original image. The contour levels are the same as in Fig. 2, panel b. The
first row shows the results of the fit with 2 Gaussian components, representing the core and the putative jet. The second row shows the
results of the single component fit.
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Figure 5. Tapered VLA C-band image of Mrk 783 from C17 with
the results from the model by Hjellming & Johnston (1981). The
solid curve represent the jet, while the dashed one the counter-jet.
also produce precession, as we mentioned in the previous
paragraph.
We acquired a V-band image of the galaxy with the du
Pont telescope at the Las Campanas Observatory to study
the morphology of the object and look for signs of interaction
with other galaxies. Fig. 6 shows the V-band optical image of
Mrk 783 (both grey-scale and contours). The galaxy shows
a disturbed morphology. A low surface brightness extended
structure can be observed on the left side of the nucleus
(Fig. 6). A similar, but fainter and less extended structure
can also be observed on the right side of the nucleus. While
this emission can be produced by very loose spiral arms,
their morphology resembles more that of tidal tails observed,
although often more prominently in interacting galaxies, i.e.
Antennae galaxies.
The contours of the central region of the galaxy in Fig. 6
have a complex shape. They show the presence of the AGN,
which is marked with a blue cross, and of a second, fainter,
point-like component whose origin is still not clear. The dis-
tance between the two structures is 1.2 ± 0.1arcsec, corre-
sponding to ∼ 1.5 kpc. No radio emission is observed at this
position in the e-MERLIN images, while the VLA images
from C17 show some diffuse emission on the west side of the
nucleus that might be connected to this structure. In the hy-
pothesis of a recent merger, this secondary component might
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Figure 6. V band image of Mrk 783 acquired with the du Pont
telescope of the Las Campanas Observatory. The blue cross shows
the optical position of the AGN. The white contours represent
the [3, 6, 12, 24, 48, 92, 184, 368, 552, 1104] ×σsky , where σsky is the
standard deviation of the sky (in counts) measured in a region
without significant emission. The plot on the upper right corner of
this panel shows a zoom in on the galaxy nucleus with a different
colour scale, to highlight the shape of the isophote.
be the nucleus of the companion galaxy, but a more detailed
study is needed to confirm its nature.
In conclusion, both scenarios presented in this section
seem to be suitable to explain our radio observations of Mrk
783. The jet precession model from Hjellming & Johnston
(1981) is able to reproduce the morphology of the large
scale emission observed in C17, while the optical morphology
of the galaxy suggests that the galaxy underwent a recent
merger. The disturbances caused by the merging event can
result in the inflow of new gas in the AGN area. The inflow
of this new gas can introduce instabilities in the region close
to the SMBH, and, depending on their characteristics, they
can result in the interruption of the AGN activity or in the
precession of the jet.
6 CONCLUSIONS
In this paper, we have analysed new multi-band e-MERLIN
and VLBA observation of the NLS1 galaxy Mrk 783. The
galaxy is known to host a KSR structure which has been
previously classified as a relic possibly caused by an inter-
mittent activity of the AGN (C17). The tapered L-band e-
MERLIN image is very similar to the VLA image presented
in C17 while the high-resolution image confirms the diffuse
nature of the structure. From these data, we measured the
in-band spectral index, which is consistent with what C17
measured in the VLA C-band image.
The object is detected in both the VLBA bands ob-
served. The VLBA L-band image shows an unresolved core,
similar to what was found by Doi et al. (2013), but we mea-
sure only 50% of the flux density reported in Doi’s paper,
a possible consequence of a strong variability on timescales
of a decade or more. In addition, the C-band image shows
a partially resolved structure at PA= 60°, about 70° north
with respect to the axis of the KSR structure. From these
new data, we measured a spectral index of 0.63±0.09, which
is consistent with the value measured by C17 for the core
of the emission in the VLA image and with the presence
of a small-scale, extended structure (Orienti & Prieto 2010;
Kharb et al. 2010).
The brightness temperature of the core in both VLBA
images is > 106 K, in the expected range for non thermal
radio emission typical of AGN. Also the brightness temper-
ature of the extended structure in the C-band is of the same
order of magnitude, suggesting that the emission is produced
by an AGN jet.
We investigated two scenarios that can explain the
presence of a KSR structure and a misaligned pc-scale
jet: precession and intermittent activity. We success-
fully fitted the tapered VLA image from C17 with the
Hjellming & Johnston (1981) jet precession model, which
confirms that jet precession is a plausible scenario. We have
also analysed a new optical image of the target, which reveals
the possibility of a recent interaction with a companion ob-
ject. Interaction is one of the main causes of the intermittent
activity of AGN and jets (Schoenmakers et al. 2000b), but
it can also create instabilities which may result in jet preces-
sion. Low surface brightness extended structures, similar to
tidal tails observed in interacting galaxies, are detected on
both sides of the galaxy nucleus in the optical V-band image.
The isophotes of the internal part of the galaxy indicate the
presence of a second point-like structure, close to the AGN,
which might be the nucleus of the second galaxy involved
in the proposed merger. In conclusion, while precession and
intermittent activity are two different processes they are of-
ten produced by similar causes and they can produce similar
results and we have no decisive elements, so far, which can
be used to determine which one of the two scenarios is the
closest to reality.
New, multiwavelength radio observation can be used to
produce a robust, spatially resolved map of the spectral in-
dex of the KSR structure. Studying how the spectral index
is changing spatially may help us to identify the true na-
ture of the extended radio emission. Higher resolution and
deeper radio observations are recommended to provide a def-
inite confirmation of the presence of the pc-scale jet, while a
radio monitoring program is planned to study its evolution
and the flux variability of the radio emission at milliarcsec-
ond scale. Finally, deep optical integral field observations of
the galaxy can help clarify the nature of the two extended
structures and the second point-like component close to the
AGN, while allowing a detailed study of the ENLR reported
in the literature by Congiu et al. (2017a).
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